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Abstract

Industrial process safety managers traditiomdly use
aggressive safety awareness programs to maintain a
safe environment. While they maintain an ongoing
safety awareness program. managers initiate

specialized safety programs when they deem that
injury and accident rates are excessive. Howe\’er.
corrective programs, triggered by excessive inju~ or
accident rates have the disad~’antage of not being
initiated after injuries or accidents have occurred.
Thus, managers are interested in identifying leading
indicators that would use measures of injuty or
accident potential so that they might trigger f=dback
actions before injuries and accidents occur. One such
indicator is the Safe Acts Index (SAI).

This paper describes an implementation of the Safe
Acts Index at a chemical plant. In additio~ the paper
provides a statistical analysis of the impact on safety,
along with a conceptualization of the mechanism by
\vhich the SN apparent\’ modifies the employee risk

acceptance.

Introduction

When \ve install a Performance Measure (PM) to
assess performance of a system that includes one or
more human “operators” (a broad interpretation of
the term “operator” is used here to include all
individuals who somehow inlluence the system
operation directly or indirectly), we expect that the
operators will adjust their behaviors in an attempt to
improve system performance rating, as assessed by
the performance measure. Installation of the PM may
improve performance because it brings

performance into focus and a common understanding
of what constitutes su~nor and inferior performance.
With a PM, all operators contributing to the system
performance may be better able to pull toward the
same goal. While we expect the operators to adjust
their behaviors. we also understand that the skills
presently available and efforts they are willing to
make available may initially limit any performance
improvement. Consequently, while we expect a
change in system performance with the introduction
of the PM, we cannot know beforehand the immediate
and eventual impact on system safety. The issue then
is how to install a PM and manage its use to insure a
large initial improvement in system pefiormance and
a steadily increasing performance afterwards? The
issue is the subject of this paper.

Since the system operators depend on the
performance measure to ~ujde fhelr behalrior

adjustments in the search for ways to improve system
performance, the performance measure itself must
have certain properties. A necessary property is that
the performance measure must assess each possible
performance in a way acceptable to authorities. i.e.,
~vhatever the authorities ever consider su~rior
performance, the PM must rate as superior. Whatever

the authorities consider inferior performance, the PM
must rate as inferior petiormance. Other performance
measure properties include appropriate sensitivity,
ease of use, consistent application and economical to
use. For instance, considering sensitivity, the PM
must detect each change in performance the
authorities determine is a si-mificant performance
change. Nevertheless, if performance measure does
not meet the primary performance discrimination
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property, the PM is not acceptable to the authorities
and cannot be used. While this primary PM

~requirement seems obvious, users rarely test the
performance discriminations of their performance
measure. In fact, many PMs presently in use do not
discriminate performance in any acceptable way, and
worse, the users are unaware of the deficiency
because the actual performance discrimination
properties of the PMs have not been determined-
Thus, a first step is the test of the PM to insure it
smsfies this necessary condition. ,Connelly 1993 a,b
gives a method of developing and testing industrial
performance measures.

Events

An industrial accident, especially an accident with
se~ere consequences. is an event demanding
in~est igations of its causes and identification of
possible cures. Examples of such events in industry
and transportation are well known. One prope~ of
an e~rent followed by an intense response is that it
gets things done. Authorities improve aircraft
maintenance procedures and equipment after aircra!l
accidents. They changed the type of procedures and
training in nuclear plants after TMI. The chemical
industxy introduced new process safety management

‘systems after several serious accidents in chemical
plants -- to cite a few examples.

The follow up an event triggers, establishes the event
importance. We can make an event important or not
important as we want. For instance, news papers
report car accidents involving multiple fatalities for
a time and although auto accidents result in thousands
of injuries and fatalities each year, they do not trigger
as ,much attention as an aircraft accident. The
Mothers Against Drunk driving (MAD) organization
has shown how to change the response to accidents
caused by drunk drivers by bringing broad,and intense
attention to the problem, resulting in a significant
reduction in drunk drh”er accident rates. The point is
that our response to an event defines its importance,
and consequently, governs the attention dra~vn to it.

The concept is that we can define an event any way
we want depending on what we want to achieve. We
can define an event in terms of human behaviors -
such as the failure to adhere to safe work pmctice -
directing attention to unsafe behaviors that will
like~ lead to accidents. Defining an event in terms of
behaviors can potentially correct the problem before
accidents occur rather than after, thereby improving
the overall plant ‘safety. Van Hamel, Connelly (1992)
report an interesting example of this concept they
found in use in a chemical plant. Information
documented here is taken from that report.

The management safety system described here uses a
petiormance measure assessing the degree of worker
compliance to work safety standards. When the
conformance level drops below the established
criterion level, management announces that a safety
“event” has occurred, triggering an intensive
management feedback to the employees. This
artificial event (and the associated management
feedback) fitnctions like a natural event, such as an
injury or” accident, in focusing attention to
management’s message. The intent is to replace
accident events with artificial events defined in terms
of measures of the degree to which safety behaviors
are used. The rational is that if behaviors adhere to
work safety standards, accidents will be avoided.

Safe Acts Index (SA1)

The Safe Acts Index is being used at
corporate level and individual site (plant )

both the
level by a

major chemical company which operates the plant
discussed in this paper. Use of the index supports
rapid feedback to supemisors and employees, and
maintenance of a high state of adherence to work
safety standards, reducing accidents and injures.
Corporate level management periodically receives
index data reports that provide a longer-term
assessment of plant performance. The index is also
used as part of periodic corporate audits of plants and
for demonstrating commitment of corporate
management to achieving and maintaining a high
level of plant safety. [n this paper we describe the
Safe Acts Index and its successful use at a chemical
plant.



The index is important for two reasons. One reason
is that its use at the plant level substantirdly improves
the proportion of observed acts performed safely at a
plant that already has a high level of safety. The
other reason is that it provides a leading indicator that
enables corporate management to detect changes in
plant safety “climate” and take appropriate action
before accidents occur.

The Safe Acts Index is a measurement of the
percentage of obsemed employee work acts
performed safely. The plant safety manager observes
employees at work during each work day, and records
the number of observed acts designated to be unsafe
and the total number observed. The safety manager
uses a systematic procedure for observing workers to
maintain as consistent a \vork sample as possible
from ~veek to week and to distribute obsematlons
evenly across all work areas in the plant. Observed
work acts are designated as safe or unsafe according
to preestablished criteria to maintain consistency of
the data.

At weeks’ end they calculate the index as the number
of safe acts observed divided by the total number of
acts observed, expressed as” a percentage. They
analyze index trends using a statistical process
control method. If this analysis indicates that the
“process-’, i.e.. the safe performance of work acts, is
out of comrol. then an unsafe condition is deemed to
exist in the plant. This event triggers special satety
feedback from management, designed to increase
employees awareness of safety and to reinforce
employee understa@.ing of management’s
commitment to improving and maintaining a high
degree of worker and plant safety. At the plant which
was the subject of the case study, the feedback
includes turning on flashing yellow “unsafe
condition” warning lights in the plant, inserting
messages on computer information screens, and other
feedback from managers and supervisors. The
rational for the use of the Stie Acts Index is that if all
plant tasks, including operations, maintenance,
engineering, administration. etc., are performed \vith
a high degree of safety afvareness, then accidents and
injuries can be avoided.

The Safe Acts Index was installed at the plant in June
1987. Plant injtuy data were obtained from January,
1987 to Marc&.1988. This provided injury data for a
five month pxiod befote the SAI was installed and 10
months after installation. Figure 1 shows the value of
the SAI from Week21 through Week 60. (Week 1 is
the week ending Januaxy 25, 1987). SAJ data cannot
be shown prior to Week 20 because the SAI was not
installed and the data were not collected. Note also
that the SAI ‘value for Week 20 is not plotted in the
Figure. Its value for that week was 72’%0and it was
omitted from the graph to permit a scale fine enough
to show the small variations in the remaining SAI
data. Obviously, the values that would have been
calculated prior to implementation of the SAI are
unknown; it is assumed that they were low, perhaps
close to the initial calculated value of 72°/0. As seen
from the Fieg,t.re, the general pattern is a substantial
increase in the SA[ over the tirst eight weeks
(subsequently referred to as the transient period), to
an essentially steady state, although with some
oscillation, at a mean value sli-fitlv above 98°/0.

Analysis

To determine \vhether the implementation of the SAI
is significantly associated with a reduction in injuries,
a comparison was made of plant injury rates before
and after the SAI system was put into place. The
injuries occurring before and after initiation of SAI
use at the plant are sho~vn in Table 1. Two cases are
considered.

In the first case, the inj~ rates for Weeks 1-20,
(before the SAI system was installed) were compared
to the injluy rates for the entire period after the
system was installed (Weeks 21-60). In the second
case, the rates before the system was installed (Weeks
1-20) were compared to the rates after the transient
condition settled into the “steady state” condition
(Weeks 29-60). The first eight ~~eeks of SA1 use are
the transient condition in which the process \vas
deemed as “out-of-control” according to a combined
Shewart-CL’SUM control scheme. Week21 was the
first \veek of use in which the process was considered
as “in controi”, according to that
This second analysis compared

control scheme.
the inju~ rate



expected with the system in the long run (without
transient effects) to the rates prior to WI use.

The Mann-Whimey U nonpararnetric statistical test
was used to test the hypothesis that the injuries prior
(W) to the use of the SAI and injuries with (IW) the
use of the SAI were two independent samples from
the same distribution. The alternative hypothesis was
that IW was less than IP. Results shown in Table 1
clearly shows the injury rate was significantly lower
with the use of the SAI.

A follow up conversation with plant personnel
revealed that the SAI trajecto~ shown in Fi~we 1
actually contains two transients. One transient is the
rapid increase in the SAI during weeks 20 through
week 28, as noted previously. The remaining

trajectory shol~n in the Figure is a siower transient
leading ultimately to a 1.0 SAI (data for weeks after
week 60 were not available).

Conclusions

The management response to the SAI event of
dropping below the out-of-control threshold appears
to work effecti~ely. Evidence supporting this claim
is the increase in the SAI after the event occurs and
the feedback is triggered. Apparently the task of
maintaining a high conformance to work safety
standards is difficult to maintai~ as evidenced by the
SAI drift to out-of<ontrol after a interval in control.
Thus. the need to define the event to trigger the
response appears to be necessary because the SA1
does not remain at a high level but drops frequently to
trigger the e~ent. Apparently if the event were not
triggered the SAI value \vould drop, presumably to
the pre-SAI installation level. Based on the
relationship between the SAI and the accident rate
shown in Table 1, We would expect that the accident
rate ivou]d significantly increase as the SAI
decreases.
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